INTRODUCTION
(0.400) Br(B s → µ µ) × 10 7 [3] < 1@95% (0.780) < 2.3@95% * (1) Br(B s → µ µφ ) [3] < 6.7 × 10 −5 @95% (Run I) < 4.1 × 10 −6 @95% (0.450) Br(B s → D ( * )+ s D ( * )− s ) - 0.071 ± 0.032 +0.029 −0.025 (1) Br(B s → D + s D − s )/Br(B d → D + s D − ) 1.67 ± 0.41 ± 0.47 (0.355) - Br(B s → φ φ ) × 10 3 7.6 ± 1.3 ± 0.6 (0.180) - Br(B s → D 1− s µ + νX) × 10 2 - 0.86 ± 0.16 ± 0.16 (1) Br(B s → D s 3π)/Br(B d → D − 3π) 1.14 − 1.19 (0.355) - Br(B s → ψ(2S)φ )/Br(B s → J/ψφ ) 0.52 ± 0.13 ± 0.07 (0.360) 0.58 ± 0.24 ± 0.09 (0.300) Observation B 0 * s2 - 135 ± 31ev.(1)
B s MIXING, LIFETIME DIFFERENCE AND CP VIOLATION
The mass eigenstates do not coincide with the corresponding flavor states (see e.g. [4] ): |B L = p|B 0 + q|B 0 , |B H = p|B 0 − q|B 0 , where |p| 2 + |q| 2 = 1. Mass differences between the B d(s) mass eigenstates can be expressed through off-diagonal elements of the Hamiltonian from Eq. 1
Corresponding lifetime differences are
The non-zero off-diagonal elements of the Hamiltonian lead to a property of B [6] to be compared with the experimental result from BABAR and DELPHI: [7, 25] could be enhanced in presence of new physics up to 0.01 [4, 7] (updated calculations are in [26] ). The Standard Model predictions for these parameters for B s system are following: ∆m s ∼ 20 ps −1 [8, 9] , ∆Γ s /Γ s = (7.4 ± 2.4) × 10 −2 [6] (more recent theoretical calculations are available in [27] ) and a s f s = (2.1 ± 0.4) × 10 −5 [7, 25] . New phenomena could influence differently the B d and B s systems.
B 0 s − B 0 s mixing
The ∆m s measurements are challenging due to high B s oscillation frequency. It is about 40 times higher than ∆m d = 0.508 ± 0.004 ps −1 . The corresponding period of B s oscillations (∼ 100 µm) requires to have enough events with the proper decay length resolution of the order of 20 − 25 µm to resolve these oscillations. Significance of the oscillation signal can be expressed using the following formula [10] :
where S (B) is the number of signal (background) candidates; ε is the tagging efficiency; D is the tagging dilution; σ L is the decay length resolution; σ p /p is the relative momentum resolution. The tagging dilution is related to the mistag probability η: D = 1 − 2η. Here, the tagging means determination of B s flavor at the production time.
Both CDF and DØ used data samples corresponding to 1 fb −1 of integrated luminosity in the B s oscillation analyses. The CDF strategy for collecting the B s samples is based on the displaced track triggers and DØ exploited its muon system. The DØ experiment collected 26, 710 ± 556 B s → X µνD s (→ φ π) candidates shown in Fig. 1 (left) . CDF reconstructed 3, 600 hadronic B calibrate the vertex resolution. DØ used J/ψ → µ + µ − sample where ∼ 70% of J/ψ mesons are prompt. Overall decay length resolution scale factors have been determined using this sample: 1.0 for 72% of events and 1.8 for the rest. Simulated events were used to check a dependence of these scale factors from events topologies. The tagging utilizes information from fragmentation track at the B s reconstruction side (same-side tagging) or tries to determine the B flavor at the opposite side through partial reconstruction of its decay products (opposite-side tagging). The first technique is characterized by high efficiency ε and relatively low dilution D. The opposite-side tagging has low efficiency but higher dilution. As can be seen from equation 4 the tagging power is determined by combination of these two parameters: εD 2 . The opposite-side tagging was calibrated using B d and B u samples. The opposite-side tagging power was measured to be equal εD 2 = 2.5 ± 0.2% at DØ and εD 2 = 1.5 ± 0.1% at CDF. The same-side tagging was used at CDF with the power εD 2 = 3.5% (4.0%) for the hadronic (semileptonic) sample determined using the PYTHIA Monte Carlo simulated events. Particle identification used for selection of the fragmentation track significantly improved the same-side tagging power.
Probability for a B s candidate to be reconstructed as oscillated (changed flavor with respect to the production time) or non-oscillated is following:
To detect a signal the amplitude scan method is used [11] . The probability is modified adding the parameter called amplitude A to the cosine term: cos(∆m s · Kx/c) · A . The amplitude A is consistent with 1 for ∆m s = ∆m true s and otherwise consistent with 0. Fig. 2 shows the amplitude scans from DØ (left) and CDF (right). The DØ amplitude scan shows 2.5σ deviation from 0 at 19 ps −1 with the expected 95% CL limit 14.1 ps −1 . The CDF amplitude scan reveals the signal around 17 ps −1 with the expected 95% CL limit 25.3 ps −1 .
The log likelihood scans (Fig. 3 ) are in agreement with the amplitude scans. DØ sets the two-sided limit 17 < ∆m s < 21 at 90% CL [12] . The probability of background fluctuation to give signal of the same significance is 5%. The corresponding CDF result is 17.01 < ∆m s < 17.84 ps −1 at 90% CL with the probability of background fluctuation 0.2% [13] . The central value of B s oscillation frequency from CDF is ∆m s = 17.31 
∆Γ CP is equal to ∆Γ s assuming ϕ = 0 (see Eq. 3). CDF reconstructed 23.5 ± 5.5 candidates of the decay Fig. 4 (left) ). The branching ratio was measured relative to the decay 
CDF determined the lifetime difference ∆Γ
The final state J/ψφ is a mix of CP-even and CP-odd states which can be separated using angular distributions and the corresponding lifetimes can be measured (Fig. 5 (left) ). The DØ result updated using 0.8 fb −1 is ∆Γ s = 0.15 ± 0.10(stat.) 
CP violation
The Tevatron experiments have possibilities to measure both direct CP violation and CP violation in mixing. The direct CP violation can be measured using the decay B 0 s → K − π + [30] . CDF collected a sample of hadronic two-body B decays which consists of B . The next step is an observation of B 0 s → K − π + decay and determination of the direct CP violation in the B s system which could be a model-independent probe for new phenomena [22, 30] .
DØ obtained the world most precise result on the CP violation in mixing in B d system: ℜ(ε B )/(1 + |ε B | 2 ) = a d f s /4 = −(1.1 ± 1.0 ± 0.7) × 10 −3 [23] . Changes in the magnet polarities during different periods of data taking help to reduce systematic uncertainties in the CP violation measurements. This work was an important step toward the CP violation in mixing measurement in B s system [24] .
CONCLUSION
Complex studies of the B s properties are being conducted using the CDF and DØ detectors at the Tevatron Collider. The results on B s mixing, lifetime difference and first steps toward the CP violation measurements in B s system were discussed in details.
